Introduction Patella alta (PA) is one of the primary correctable risk factors for patellofemoral instability (PFI). Both an accurate diagnosis of PA and a clinically relevant target for correction are necessary for optimal treatment. An ideal test for PA should relate the position of the patella to the femur rather than tibia, should do so with the quadriceps contracted and the patellar tendon under tension and should have good sensitivity and specificity. None of the currently used radiographic tests PA meet these criteria, most of which are based on the position of the patella relative to the tibia with diagnostic cutoffs based on 2 standard deviations from the mean rather than optimal sensitivity and specificity. The authors describe the quadriceps active ratio (Q+R), an MRI-based assessment of PA based on patellofemoral contact under quadriceps activated with a cutoff based on optimal sensitivity a specificity for PFI. Material-methods Ninety-four participants investigated for knee pain or instability with a clinically indicated MRI were recruited. Routine MRI sequences were obtained, with the addition of a quadriceps contracted sagittal T1-weighted sequence. Participants presenting with PFI were identified. Those with trochlear dysplasia were identified and excluded from analysis so that patellar height could be assessed against PFI without being confounded by trochlear dysplasia. Q+R and patellotrochlear index (PTI) were calculated from the remaining 78 scans by 3 consultant orthopaedic surgeons at three time points. In 54 of these cases, a lateral radiograph was available from which the Insall-Salvati, modified Insall-Salvati, Caton-Deschamps and Blackburn-Peel ratios were also calculated. Intra-and inter-observer reliability was assessed for the Q+R. A cutoff value for the Q+R based on optimal sensitivity and specificity for the diagnosis of PFI was calculated from receiver-operator characteristic (ROC) curves and compared to the PTI. The cutoff for the Q+R was compared for sensitivity and specificity for the diagnosis of PFI against the radiographic ratios. Results The Q+R had satisfactory or better ICC values across time points and surgeons. The Q+R was superior to the PTI on area under curve ROC analysis (0.76 vs 0.74). A cutoff value of 0.12 for the Q+R gave sensitivity of 79% and specificity of 55% for the diagnosis of PFI. The radiographic indices were generally insensitive for this diagnosis of PFI with sensitivities ranging from 0-66%. Conclusion The Q+R is a reliable diagnostic test for patellar height assessment, showing good intra-and inter-rater consistency, and greater diagnostic accuracy than the PTI. A Q+R value of 0.12 is a good test for clinically significant PA. Of the radiographic indices, the Insall-Salvati ratio had the best diagnostic accuracy.
Introduction
Patellofemoral instability (PFI) is a relatively common knee condition, often challenging for knee surgeons. Despite being known and studied for long time, many aspects in the management of this entity remain controversial. In regard to diagnosis, physical examination is not entirely reliable, even among surgeons with vast experience in patellofemoral surgery [1] . There is a need to support these findings with diagnostic imaging techniques.
Patella alta (PA) is a powerful correctable risk factor for PFI [2] . Precise and accurate surgical correction of PA requires both a diagnosis of the condition and a target for correction [3] . The radiographic ratios widely used for assessing patella height are flawed for a number of reasons [4] . Firstly, they relate the patella to the tibia rather than to the trochlea with which it articulates. Secondly, they are variably dependent on the amount of knee flexion at the time the radiographs are acquired [5] . Thirdly, this is done statically as opposed to the quadriceps active state in which PFI occurs. Lastly and perhaps most importantly, the cut-off values for these ratios are generally based on averages and 95% confidence intervals of a normal population rather than on optimal sensitivity and specificity for the diagnosis of the condition of interest (PA contributing to PFI).
The authors of the Insall-Salvati ratio (ISR) [6] calculated an average ratio of 1 in their control group. The average in their PFI group was 20% greater giving a cutoff of 1.2. The authors of the modified Insall-Salvati ratio (MISR) [7] redefined the delimiter for the ISR as 1.25 based on the 95th percentile in their control group. When the MISR was applied to the same group, the 95th percentile cutoff was 1.93, but his was rounded up to 2 for convenience with an unavoidable loss of sensitivity. The authors of the Blackburne-Peel ratio (BPR) [8] defined a ratio of 1 as the cutoff based on the mean value from a cohort of patients with symptomatic patellar subluxation, but in the male subgroup the mean ratio was 0.92, once again resulting in a loss of sensitivity. None of the classic radiographic indices had cutoff values based on optimal accuracy for the diagnosis of PFI and none accounted for the powerful confounding effect of trochlear dysplasia. Additionally, the ISR and MISR remain unaltered after surgical correction of PA, as they involve measurement of patellar tendon length, therefore not useful as postoperative assessment tools. (The abbreviations most commonly used in this article are listed in Table 1 , for ease of reading.)
Reports of lack of reliability of these methods have been published by several authors [9] [10] [11] . Seil found poor diagnostic correlation among them, with high variability in defining a patella as alta, norma or baja according to the chosen method. He concluded that "the most important factor in patellar height determination may be the position of the articular surface of the patella in relation to the trochlea" [12] .
The development of contemporary MRI techniques in the last few decades has led to an increasing interest in studying the direct relations of chondral surfaces in the PF joint. Miller analysed 46 knees with MRI and lateral X-rays and found poor correlation between ISR values and the patellofemoral cartilage contact area [13] . This was corroborated by Bosshard in a subsequent cadaveric study that showed significant differences in the articular cartilage geometry and the underlying subchondral osseous anatomy of the patella and trochlea [14] . One of his conclusions should resonate with orthopaedic surgeons dealing with PFI: "Conventional radiographs and indices do not give the specific relationship of the articular joint surface geometry to the subchondral osseous morphology of the patella in the midline sagittal plane".
Biedert's patellotrochlear index (PTI) [15] addresses some of the deficiencies outlined in the methods above by assessing patellotrochlear chondral congruence with the knee in an easily reproducible position. Knees with patellofemoral problems were, however, specifically excluded from the paper, the extensor mechanism was relaxed for the assessment, and the delimiters for patella alta and baja were defined by 95% confidence intervals (0.125 and 0.50, respectively) rather than being related to the clinical diagnosis of the condition. Ali subsequently defined PA using the PTI based on two standard deviations above the mean; that produced a cut-off value of 0.18 as well as poor correlation between the ISR and the MISR [16] . Furthermore, Barnett [17] showed poor correlation between the PTI and the traditional radiographic indices in the context of trochlear dysplasia, although stating PTI to be the preferred method.
The primary confounder when attempting to describe a delimiter for PA causing PFI is trochlear dysplasia that frequently coexists with PA and is itself a powerful risk factor for PFI [17, 18] . To define cut-off for PA as a cause of PFI in pure terms it is necessary to control for trochlear dysplasia.
The effect of quadriceps contraction in the PF joint has been comprehensively studied; Gold constructed a complex device to allow knee MRI to be performed under weight bearing, concluding that under weight-bearing conditions, the PF cartilage contact area increases 30% on average [19] . Yianakopoululos compared static routine X-rays versus quads-contracted (weight bearing) X-rays and found statistically significant proximal displacement of all ratios [20] . In his CT study, Guzzanti observed that quadriceps activation could displace the patella proximally up to 1 cm, shifting PF indexes from normal range to PA values in confirmed PFI patients [21] . As a consequence, an ideal test for PA should relate the chondral surface of the patella to that of the trochlea [12] , should be conducted with the knee in a universally reproducible position (full extension in our opinion), with the quadriceps contracted (and therefore with the patellar tendon at maximum length) [20] , should measure post-surgical correction and most importantly, should relate to the condition rather than arbitrary measurements of deviation from the mean [3, 4] . We describe the quadriceps active ratio (Q+R) as a novel method for assessing PA; but more importantly assess its utility as a diagnostic test for the diagnosis of PA causing PFI and relate the new test to existing radiographic methods.
Materials and methods
This was a prospective observational study carried out between June 2013 and June 2015 with approval from the presiding ethics committee (MHS20130212-01). All participants provided informed consent. Participants were patients referred to participating surgeons for investigation of knee pain and or knee instability requiring investigation with an MRI scan. Exclusion criteria were skeletal immaturity, previous arthrotomy, cruciate reconstruction or patellofemoral surgery and advanced osteoarthritis. Ninety-four patients were recruited and completed the study. Sixteen patients had trochlear dysplasia as defined by Dejour or by the MRI criteria of a flat or convex proximal trochlea and were excluded from the study. Of the remaining seventy-eight patients, nine had presented with PFI. PFI was defined as at least one episode of clinically manifest patella-femoral dislocation, as opposed to subluxation or malalignment. Fifty-six of these patients had coincidentally acquired lateral radiographs. No additional radiographs were acquired for the purpose of the study.
Image acquisition protocol
All patients underwent a standard MRI examination. MR imaging was performed in a 1.5-T GE Signa HDx unit (General Electric Medical Systems, Milwaukee, WI). A GE extremity (chimney) coil was used for imaging, obtaining 16 slices of 3.3 mm thickness, with a minimum TE, 500 ms TR and a 16 cm FOV protocol (60 s approx. of sequence time). Routine multiplanar T1 and FS sequences were obtained, with the knee in full extension (quads inactive sequences). An additional sagittal T1 sequence was acquired under maximum isometric quadriceps contraction (quads active sequence). Prior to the active sequence, an MRI radiographer conducted a brief explanation to patients, to ensure they understood the instructions. This sequence was set to less slices and slightly less resolution, to reduce acquisition time to roughly 1 min.
Image evaluation protocol
MRI and X-ray images were viewed using InteleViewer software (4-7-1-P159 MacOs X version, Intelerad Medical Systems, Montreal, Canada). Investigators were blinded to patient ID, age, sex and presenting condition. The PTI was calculated as defined by Biedert [15] and the same method applied to the quadriceps active sequence to calculate the quadriceps active ratio (Q+R) ( Fig. 1 ). A sagittal slice was selected through the deepest part of the trochlea. A straight line was traced from the most proximal to the most distal edge of the patellar cartilage (P). Another parallel line was then drawn from the most proximal edge of the trochlear cartilage to a distal point corresponding to the most distal edge of the patellar cartilage (T). The PTI and Q+R were then calculated as the quotient between the two (T/P). Two ratios, the PTI and Q+R, and two absolute measures of trochlear overlap by the patella, the PTI-T and Q+T, respectively, were then compared for reliability and accuracy. The Insall-Salvati, modified Insall-Salvati, Blackburne-Peel and Caton-Deschamps ratios were calculated according to the original authors instructions [6] [7] [8] 22 ] on lateral radiographs.
All 78 MRIs and 56 plain radiographs were independently reviewed by the three consultant surgeons (PM, MW, KH) at three time points with a minimum of 2-week interval to minimize recall bias. 
Statistics
All data are expressed as mean ± standard deviation and were analysed using the Statistical Package of Social Sciences (IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp.). Based on the Shapiro-Wilk test, most of the variables examined were not normally distributed and therefore were log-transformed prior to conducting any statistical analyses. A two-way repeated measures analysis of variance (time x surgeon) was conducted to determine potential inter-and intra-rater systematic bias of the surgical procedures. A significant difference between time points would suggest a greater degree of error from T1 to T3 within each surgeon (i.e., intra-rater error), whereas significant differences between surgeons would indicate greater degree of inter-rater error. The inter-and intra-rater reliability of the surgical procedures was calculated using intra-class correlation coefficient (ICC, SPSS two-way mixed, 95% confidence interval) with values above 0.75, between 0.40 and 0.75 and below 0.40 considered as excellent, moderate and poor reliability, respectively [23] . Coefficient of variation (CV) was computed to determine the degree of inter-and intra-rater measurement error expressed as percentages. Therefore, a greater ICC value would suggest greater reliability, whereas a higher CV value is evident of greater degree of error.
To determine the level at which each index discriminated between patients, with or without patellofemoral instability, receiver operator characteristics (ROC) curves were formulated to calculate the area under the curve (AUC; 95% CI). Thus, an AUC value closer to 1 for any of the included measures (i.e., Q+T, PTI-T, Q+R or PTI) would suggest greater sensitivity, and therefore, a better measure to discriminate those who have patellofemoral instability to those that do not. The optimal cut-off point was quantified objectively, as the point on the ROC curve nearest to the upper left corner of the graph with its corresponding sensitivity (y-axis) and specificity (1 − x-axis). To report on a range of discriminant characteristics of the included measures (i.e., Q+R, Q+T, PTI and PTI-T), the Youden's index, positive and negative predictive values (PPV and NPV, respectively), positive and negative likelihood ratios (LR and LR, respectively) and diagnostic odds ratios (DOR) were calculated. The Youden's index is measured using the formula YI = (Sensitivity + Specificity) − 1 . This parameter accounts for the cumulative measures of sensitivity and specificity, with a value of 1 indicating that there are neither false positive nor negative values (i.e., perfect results), whereas a value of 0 demonstrates that the diagnostic test reports equivalent proportions of positive results for groups with and without patellar-femoral instability (i.e., imperfect result). The PPV and NPV were calculated using the formulae PPV = True positive ÷ (True positive + False positive) and NPV = True negative ÷ (False negative + True negative) , respectively. The LR + and LR − were calculated using the formulae LR + = Sensitivity ÷ (1 − Specificity) and LR − = (1 − Sensitivity) ÷ Specificity , respectively, with values between 0 and 1 demonstrating a decrease in the probability of having patellofemoral instability and values greater than 1 demonstrating an increase in the probability of having patellofemoral instability. Finally, DOR was calculated using the formula DOR = (True Positive ÷ False positive)∕ (False negative ÷ True negative) , with measures greater than one indicating better test performance. The alpha level was set at 0.05.
Results

Systematic bias
Measures of Q+T, PTI-T, Q+R and PTI were compared between time points and between surgeons using a two-way repeated measure ANOVA to determine any presence of potential intra-and inter-rater systematic bias. A significant difference between time points would suggest a greater degree of error from T1 to T3 within each surgeon (i.e., intra-rater error), whereas significant differences between surgeons would indicate greater degree of inter-rater error.
According to the calculations (Table 2) , a time × surgeon interaction effect was shown for Q+T, PTI-T, Q+R and PTI (P < 0.01, respectively). Post hoc analyses showed significant differences between T1 and T3 for Q+T (P = 0.048), between every time point for PTI-T (P < 0.01) and between T1 and T2 and between T1 and T3 for PTI (P < 0.01). However, one-way ANOVA at T3 showed no main effect of surgeons for Q+T (P = 0.13), Q+R (P = 0.09), PTI-T (P = 0.05) and PTI (P = 0.05) ( Table 3 ).
Intra-rater and inter-rater reliability
For reliability measures between time points and between surgeons, ICC and CV were calculated. A greater ICC value would suggest greater reliability, whereas a higher CV value is evident of greater measurement error. The ICC between T1 and T2 and between T2 and T3 ranged from 0.76-0.87 and 0.89-0.92, respectively, whereas the CV ranged from 6.1-51.0 and 3.77-17.3%, respectively ( Table 4 ). The ICC between surgeons for Q+T, PTI-T, Q+R and PTI ranged from 0.70-0.83, 0.73-0.85, 0.69-0.83 and 0.65-0.75, respectively. The CV between surgeons for Q+T, PTI-T, Q+R and PTI ranged from 12.3-26.5, 0.71-1.24, 2.24-4.85 and 0.88-9.88%, respectively.
Sensitivity of measures
To determine discriminant power, MANOVA was conducted and ROC curves were formulated to calculate appropriate cut-off points of Q+T, PTI-T, Q+R and PTI based on the AUC. If significant differences are reported between conditions for any of the included measures (i.e., Q+T, PTI-T, Q+R or PTI), than this would indicate, at a statistically significant level, that the included measures have the ability to detect those who have patellofemoral instability to those that do not. Similarly, an AUC value closer to 1 for any of the included measures (i.e., Q+T, PTI-T, Q+R or PTI) would suggest greater sensitivity, and therefore, a better measure to discriminate those who have patellofemoral instability to those that do not. The range of discriminant characteristics (i.e., Youden's Index, PPV, NPV, LR + , LR − and DOR) of each reported measure is reported in Table 5 . Based on the MANOVA, significant differences were found between conditions for Q+T (P < 0.01), PTI-T (P < 0.01), Q+R (P < 0.01) and PTI (P < 0.01). According to the AUC, the Q+R (AUC, 0.76; SE, 0.06; 95%CI, 0.87-0.64; P < 0.01; Fig. 2 ) was the most sensitive to detect patellofemoral instability followed by Q+T (AUC, 0.75; SE, 0.06; 95%CI, 0.86-0.64; P < 0.01), PTI (AUC, 0.74; SE, 0.06; 95%CI, 0.86-0.62; P < 0.05) and PTI-T (AUC, 0.71; SE, 0.06; 95%CI, 0.83-0.59; P < 0.05). For the Q+R, Q+T, PTI and PTI-T, cut-off scores of 0.12, 0.41, 0.36 and 1.19 gave sensitivities of 79.2%, respectively, and specificities of 55.0, 53.9, 50.0 and 52.3%, respectively. According to the definition of patient having or not having the condition (PF instability yes or no), sensitivity and (Table 6 ).
Discussion
PA is a recognizable predisposing factor for PFI, having been assigned an odds ratio of up to 8 times [24] . Biomechanical models have illustrated the role of PA in decreasing the lateral restraining forces, even after medial patellafemoral ligament reconstruction, theoretically explaining the cases of failures when the procedure is not combined with distalization of the patella [25] . The same model also confirmed an increased patellofemoral contact pressure in PA knees as the contact areas decrease. This could explain the association of PA with anterior knee pain and progression to osteoarthritis. However, nowadays little consensus can be found towards the precise definition of PA.
The most important findings of this study were: firstly, the Q+R is a reliable test for diagnosis of PA and secondly, many of the currently used radiographic indices used to diagnose the condition are highly insensitive.
For the four MRI measures, excellent correlation was seen across time points and good to excellent correlations across assessors. The Q+R was, however, the most consistent across time points. A time by surgeon interaction was seen for all measures, but at the third assessment no main effect of surgeons was present. Both quadriceps active measures (Q+R and Q+T) had superior diagnostic accuracy compared to the quadriceps inactive measures (PTI and PTI-T). The Q+R was the most accurate of the four measures with an area under curve of 0.76, sensitivity of 79% and specificity of 55% at a cut-off value of 0.12 (T/P). The reason for the superior accuracy of the quadriceps active tests is illustrated in Fig. 3 , where the sometimes profound effect of quadriceps contraction on patellar height is evident. Table 6 Sensitivity and specificity calculated for Insall-Salvati, modified IS, Blackburne-Peel and Caton-Deschamps and patellotrochlear index (PTI) were based on predetermined cut-off points and quads active ratio (Q+R) was based on cut-off points from receiver operative characteristics curve analyses a Calculated from patients with X-ray data only and therefore sensitivity and specificity values differ with those obtained from ROC analyses . 3 The significant proximal displacement of the patella in the quads active sequence (image on the right) compared to the static sequence (image on the left) When comparing the means obtained from the performed assessments (Table 6) , the highest sensitivity is achieved by the Q+R, while the other methods demonstrate poor values of below 50% (except for ISR). The low sensitivity of these indexes can be explained by their high specificity, mostly above 90%; this characteristic suggests these ratios have a potential use for confirmation purposes, but not for screening or initial diagnosis, as many cases would be underdiagnosed and even mistreated if surgical corrections were planned according to them. The high sensitivity of Q+R is also balanced with a sound specificity, making the test a reliable one for initial assessing of PFI patients.
The lack of sensitivity of the MISR, BPR and CDR highlights the problem of not having an accurate target for correction of PA with these methods even with trochlear dysplasia excluded. If trochlear dysplasia is included, these measures (including the Q+R) become even less sensitive (results truncated to preserve readability). The cut-off value of 0.12 for the Q+R therefore represents the minimum target for correction of PA in a best-case scenario (no dysplasia). In the context of worsening trochlear dysplasia, a greater correction will be required to both control instability and J-tracking (lateral subluxation and tilt of the patella in terminal extension) but this is as yet undefined. Future research must be directed at customizing correction in each individual to optimize stability and tracking and to minimize pain and arthritis progression.
Our work has been inspired by Biedert's landmark paper [15] . His contribution to PFI understanding is noteworthy; however, the PTI still fails to entirely surpass the criticism of previous methods. The data were obtained from knees with no patellofemoral conditions, and therefore the proposed normal range of values obtained trough statistic inference, lacking any evaluation of clinical validity. More importantly, the MRI sequences were obtained in relaxation of the quadriceps muscles, as in classic X-ray-based methods. These limitations were acknowledged by the authors, suggesting that further research, as ours, was required to optimize their technique. Illustratively, his concept of assessment of the real relations in the patellofemoral joint by means of MRI inspired a trend of succeeding studies.
Further MRI-based studies have followed Biedert's principles. Munch described the percentage of overlap between trochlear and patellar articular cartilages [26] , an analogous measure to PTI. However, the image acquisition was also obtained in quadriceps relaxed conditions, and the mean values obtained were not able to show statistically significant differences between PFI and control knees. Dejour's sagittal patellofemoral engagement [27] attempts to control for lateral subluxation of the patella, obtaining the references in two different sagittal slices, one with the largest patellar articular cartilage and the other with the most proximally extended trochlear cartilage, however, also fails to find differences among affected and healthy individuals. Importantly, they included the absence of quadriceps contraction as a limitation in their study. Other studies have also followed the same principles to determine patellar malalignment in the axial plane [28] , where a final observation was included: images obtained under quadriceps contraction (weight bearing) "may be better for patellar localization".
As far as we are aware, this study is the first to use receiver operator curves to define cut-off values for PA based on the condition of PTI and the first to do so controlling for trochlear dysplasia. Dejour made a direct comment onto Biedert's PTI, suggesting it cannot be calculated in a scenario of luxated/subluxated patellas in the context of a dysplastic trochlea, highlighting the need to control this factor [27] .
We designed this study with MRI acquisition at full extension, as we believe this position of the knee is easily achievable and would allow for an standardization of the Q+R and its reproducibility. Kujala stated that in full extension, quadriceps contraction does not alter the lateral tilt of the patella, another factor that can be controlled with the chosen position [29] . Another report states that at 30° of flexion, MRI determined PF indexes remain unchanged regardless of quadriceps activation: this reinforces our idea of assessing the quadriceps contraction effect at the level of the PF joint with the knee fully extended [30] . Furthermore, Yilmaz even found it difficult to achieve precise 30° of flexion in plain X-rays and noticed the IS ratio can be altered according to the degree of patellar tendon stretching on MRI images [24] .
The main strength of our novel technique is the fact that it overcomes the common pitfalls described by Phillips in her extensive review [4] : it measures the true chondral relations in the PF joints, accounts for muscular activation, obtains a cut-off point from PFI-affected knees and has passed interand intra-rater reliability.
In addition, we believe MRI imaging should be an essential part of PFI evaluation. The role of plain X-rays in initial assessment remains beyond discussion, but fails to evaluate soft tissue and chondral damage. Fithian quantified the presence of chondral and/or osteochondral damage in up to 70% of PFI patients, showing the relevance of the investigation [31] . Dejour also mentioned medial patellofemoral ligament should always be evaluated by means of MRI after a patellar dislocation episode [27] . In one of the most recent reviews for PA available, Mugnussen recommends to account for PF contact areas in sagittal MRI slices in the algorithm of distalization procedures, even in patients with borderline CDI values [32] . Therefore, MRI acquisition is justified, and specific MRI assessment tools such as Q+R should be developed [33] .
Limitations
The limitations of this study relate to the number of cases in the MRI cohort with PFI (9). In addition, only 56 of the MRI cohort had lateral radiographs for comparison. We tend to avoid the indication of X-rays for mere research purposes, so we did not request them in the cases were it was not clinically necessary. Future multicentre or larger group designs would be desirable to increase the statistical power of our series.
Another limitation, as it can be seen in Fig. 3 , is the fact that in some cases, the image quality of the active sequence was suboptimal, because (a) image quality was lowered to decrease acquisition time and (b) the fact that patients were not merely resting. However, this did had not an impact on the feasibility of calculations, as showed by excellent interand intra-rater reliability.
Future directions
We believe our work opens a door often knocked but rarely opened by other authors: the addition of quadriceps contraction to MRI acquisition protocols in PA assessment. We believe this would provide a better view of the dynamic situation where dislocation/subluxation occurs. There is a need for future research to validate the reproducibility and clinical utility of Q+R or other values obtained under dynamic conditions.
Our research is basically analytical; clinical correlation using the newly defined cut-off value as the target for correction is now required.
Conclusion
Many radiographic methods have been published for the assessment of PA. To date, none of them have been universally accepted as the gold standard, as most rely on indirect references rather than in the real relations of the PF joint, under static conditions and obtained from statistic inference rather from real values from confirmed PFI-affected knees.
The Q+R provides a reliable direct measurement of the PF joint under active contraction of the quadriceps, which better reflects the situation in which the PFI-altered motions occurs. With good inter-and intra-rater reliability, high sensitivity and balanced specificity, we believe Q+R is a useful reference tool for the diagnosis of PA.
